.Ill:- 

(11) EP1 419 768A1 

(12) EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 

(51) int CI7: A61 K 31/202, A61 K 31/232, 
A61P 25/24, A61P 25/28, 
A23L 1/30, A23L 2/52, 
A23D9/00 

(86) International application number: 
PCT/JP2002/000671 



(87) International publication number: 

WO 2003/013497 (20.02.2003 Gazette 2003/08) 



(84) 


Designated Contracting States: 


• ONO,Yoshiko 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Osaka-shi, Osaka 533-0022 (JP) 




MCNLPT SETR 


• OKAICHI, Hiroshige 
Hirakata-shi, Osaka 573-0084 (JP) 


(30) 


Priority: 02.08.2001 JP 2001235519 


• OKAICHI, Youko 
Hirakata-shi, Osaka 573-0084 (JP) 


(71) 


Applicant: SUNTORY LIMITED 






Osaka-shi, Osaka 530-8203 (JP) 


(74) Representative: Stoner, Gerard Patrick et al 
MEWBURN ELLIS 


(72) 


Inventors: 


York House 


» 


AKIMOTO, Kengo 


23 Kingsway 




Mishima-gun, Osaka 61 8-0001 (JP) 


London WC2B 6HP (GB) 


* 


KAWASHIMA, Hiroshl 
Takatsuki-shl, Osaka 569-1121 (JP) 



(54) COMPOSITIONS HAVING EFFECTS OF PREVENTING OR AMELIORATING CONDITIONS OR 
DISEASES CAUSED BY BRAIN HYPOFUNCTION 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(43) Date of publication: 

19.05.2004 Bulletin 2004/21 

(21) Application number. 02716453.2 

(22) Date of filing: 29.01 .2002 



(57) The object of the present invention is to provide 
a composition that has preventive or ameliorative action 
on symptoms or diseases caused by decreased brain 
function. This composition contains, as its active ingre- 



dient, arachidonic acid and/or a compound having ara- 
chidonic acid as a constituent fatty acid and, particularly, 
an alcohol ester of arachidonic acid or a triglyceride, 
phospholipid or glycolipid in which all or a portion of the 
constituent fatty acids are arachidonic acid. 



F i g. 3 

80i : * 



70- 




O Ql 1 1 i : i i_ . i _ 

12 3 6. 567 

I : I . 

LOCATION TASK TRAINING 

T" MEAN Hi t% OF EACH BLOCK DURING FOUR TRIALS(n=8) 



CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



EP1 419 768 A1 

Description 

BACKGROUND OF THE INVENTION 
5 Technical Field 

[0001 ] The present invention relates to a composition, and its production method, that has preventive or ameliorative 
action on symptoms or diseases caused by decreased brain function, having for its active ingredient arachidonic acid 
and/or a compound having arachidonic acid as its constituent fatty acid. More particularly, the present invention relates 

10 to a preventive or ameliorant for decreased memory or learning ability, decreased cognitive ability, emotional disorders 
(e.g., depression) and mental disorders (e.g., dementia, arid specifically Alzheimer's dementia, and cerebrovascular 
dementia), a composition that has preventive or ameliorative action and a production method thereof, having for its 
active ingredient at least one type selected from the group consisting of arachidonic acid, alcohol esters of arachidonic 
acid, and triglycerides, phospholipids and glycolipids in which a portion or all of the constituent fatty acid is arachidonic 

15 acid. 

Background Art 

[0002] There has been a sudden increase in the proportion of elderly persons in society, in recent years, accompa- 
20 nying advances made in the field of medicine. This is resulting in a corresponding increase in the number of persons 
suffering from senile dementia. According to the "Annual Report on Health and Welfare 1999-2000" and the "Report 
on the Study of Countermeasures for Elderly Persons with Dementia", the number of elderly suffering from dementia 
during the 2000 fiscal year was 1 .5-1 .6 million, and the number of dementia patients age 65 and over reached 1 in 14 
persons. The number of these patients is predicted to increase to 1 in 10 persons by 2030. As senile dementia progress- 
es es, it causes impairment of mental functions and emotions, eventually causing problems in terms of everyday life and 
social activities. The causes of senile dementia can be divided into cerebrovascular dementia, Alzheimer's dementia 
and combinations thereof. Although research and development activities have been conducted on drugs effective for 
the treatment of these brain disorders (including those that improve cerebral circulation and metabolism as well as 
those that inhibit dementia), an effective therapeutic drug has yet to be found. Although cerebral infarctions occur to 
so a certain extent as people age, the occurrence of dementia can be prevented by, for example, using the brain. In 
consideration of this, it is thought to be quite possible to develop drugs targeted at not only treatment, but prevention 
as well. However, a drug that is safe and can be taken easily by persons ranging from infants to the elderly, inhibits 
decreases in brain function, prevents symptoms or diseases caused by decreases in brain function and exhibits amel- 
iorative effects has, essentially, not yet been developed. 
35 [0003] Research studies have been conducted in the past on methods for improving brain function, examples of 
which include a method for improving the metabolism of brain energy that activates the functions of cells by allowing 
brain cells to efficiently absorb nutrients (such as by elevating brain glucose levels), a method for improving cerebral 
circulation for the purpose of adequately supplying necessary nutrients and oxygen to brain cells by improving cerebral 
blood flow (such as by increasing cerebral blood flow volume), and a method for activating neurotransmission that 
*o takes place in synaptic gaps mediated by neurotransmitters (by supplying precursors of neurotransmitters (e.g., by 
supplementing with choline or acetyl CoA), inhibiting conversion of released neurotransmitters (e.g., by inhibiting ace- 
tylcholinesterase), increasing release of neurotransmitters (e.g., by increasing the release of acetylcholine or glutamic 
acid) or activating neurotransmitter receptors), and protecting nerve cell membranes (by, for example, antioxidation, 
supplying membrane components and preventing arteriosclerosis). 
45 [0004] During the course of this past research, although ingredients that prevent symptoms or diseases caused by 
decreased brain function as well as ingredients that have ameliorative effects have been found, their effectiveness 
remains doubtful at the present time, and an effective drug has yet to be found for use as a pharmaceutical. Moreover, 
in the case of considering applications to foods, there has also been the additional difficulty of being limited to ingredients 
of natural origin. 

so [0005] The brain consists of tissue that resembles a mass of lipids. For example, phospholipids account for one- 
third of the tissue that comprises white matter and one-fourth of the tissue that comprises gray matter. The polyunsat- 
urated fatty acids in the phospholipids that compose the various cell membranes of brain cells consist primarily of 
arachidonic acid and docosahexaenoic acid. However, this arachidonic acid and docosahexaenoic acid cannot be 
synthesized de novo by animals, and must be ingested from the diet either directly or indirectly (as linoleic acid and 

5 5 a-linolenic acid that are precursors of arachidonic acid and docosahexaenoic acid). 

Therefore, attention is being focused on the improvement of learning and memory abilities and the prevention and 
recovery of senile dementia associated with docosahexaenoic acid. However, among the major fatty acids of phos- 
pholipids of the brain, not only docosahexaenoic acid, but also arachidonic acid is an important fatty acid that is present 
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in roughly the same degree. Sonderdegr, et al. determined that, in contrast to the proportion of arachidonic acid in 
phospholipids of the hippocampus being 12.4% by weight in normal individuals, that proportion decreases significantly 
to 8.1% by weight in Alzheimer's patients (Lipids, 26, 421-425, 1991). In this manner, although this suggests that 
arachidonic acid has the potential for playing an important role in maintaining brain function, concrete evidence has 
yet to be presented. 

[0006] Several inventions have been indicated that utilize arachidonic acid for maintaining brain function. The "learn- 
ing ability improver" described in Japanese Unexamined Patent Publication No. 6-256179 is an invention that has for 
its active ingredient a 1 ,2-diacyl-sn-glycerot derivative, various polyunsaturated fatty acids bound at 2-position are 
listed, and arachidonic acid is indicated as one of those fatty acids. However, only a 1 ,2-diacyl-sn-glycerol derivative 
in which docosahexaenoic acid is bound is specifically indicated in the examples, while arachidonic is listed only without 
any<demonstration of its effect. A novel brain function ameliorant and a combination of ganglioside and arachidonic 
acid as a means for supplying a nutrient composition that contains the same are indicated in a "brain function ameliorant 
and- nutrient composition" described in Japanese Unexamined Patent Publication No. 10-101568. However, although 
an experiment using naturally aged rats is indicated as a test example, the age of the rats at testing is only 1 3 months, 
which is equivalent to a human age of 33 years (one day for rats is equivalent to one month for humans), thus making 
it difficult to consider such a test as indicative of an aging model. In addition, the proportion or amount of arachidonic 
acid in brain phospholipid typically does not exhibit any changes at this age, and since decreases in brain function 
caused by aging are also not observed at this age, the effects of arachidonic acid would typically be considered to be 
unlikely to occur. In actuality, the effect of arachidonic acid alone was not evaluated in the test example, and It was 
merely indicated that arachidonic acid enhances the effect of ganglioside. 

[0007] The "protein kinase C isozyme activator" described in Japanese Unexamined Patent Publication No. 6-279311 
indicates the activation of protein kinase C, which plays an important role in intracellular information transmission, and 
a senile dementia therapeutic drug as its accompanying effect. However, the active ingredient Is a phosphatidyl serine 
derivative having polyunsaturated fatty acids as its constituent fatty acids, and one of those polyunsaturated fatty acids 
is arachidonic acid. In the examples, however, there are no large differences in the effect of arachidonic acid between 
phosphatidyl serine derivatives bound with linoleic acid and a-linolenic acid, there is no superiority of phosphatidyl 
serine derivatives having arachidonic acid as a constituent fatty acid, and the effect of arachidonic acid is not demon- 
strated. In addition, as evaluation consists only of measurement of enzyme activity, preventive or ameliorative effects 
on symptoms or diseases caused by decreased brain function are not clarified. In this manner, although several in- 
ventions have been indicated that utilize arachidonic acid to maintain brain function, since arachidonic acid and com- 
pounds having arachidonic acid as a constituent fatty acid were not supplied In adequate amounts, the inventors are 
unable to Identify the true effects in animal experiments and so forth, and merely describe arachidonic acid as one 
member of a group of fatty acids, thereby preventing them from providing a description of the actual state. 
[0008] Short-term and long-term memory loss, which are pathological memory disorders accompanying organic le- 
sions in the brain, are a core symptom of dementia. However, forgetfulness, which is another word for memory disorder, 
is one of the most frequently observed complaints among the elderly, and decreases in learning and memory abilities 
in humans accompanying physiological aging has been indicated in various research (Katzman, R. and Terry, R., The 
Neurology of Aging, FA Davis, Philadelphia, pp. 1 5-50). 

[0009] In looking at memory in terms of the passage of time during which memories are formed, memory can be 
classified into sensory memory, primary memory and secondary memory. Primary memory may also be referred to as 
immediate memory, while secondary memory may be referred to as long-term memory. Short-term memory may refer 
to primary memory as well as learning ability that also covers secondary memory. Although sensory memory is formed 
when there is visual input that persists for about 50 milliseconds, it is extremely unstable and ends up being lost within 
250-500 milliseconds. Primary memory is retained while the subject is constantly aware of it during the time information 
is recognized and processed, and fulfills the role of working memory. After information that has been processed as 
primary memory is transferred to secondary memory and retained for a long period of time, it is again recalled by way 
of primary memory. Since primary memory has a very small capacity, it ends up being lost in 20-30 seconds unless it 
is repeatedly recalled. Secondary memory is composed of each of the steps of transfer of information processed with 
primary memory, consolidation, its semi-permanent storage and its retrieval. This secondary memory is considerably 
impaiired with aging. Since this decrease in secondary memory is mainly the result of impairment at the stage up to 
and including memory storage, there is hardly any decline observed with respect to the ability to retrieve memories 
stored in youth. However, in patients with dementia, this memory is also constantly subject to impairment. 
[0010] One of the effects of arachidonic acid has been clearly determined from electrophysiological analysis. A phe- 
nomenon is known to occur In which, when stimuli are applied to the hippocampus at a high frequency to excite the 
synapses, the subsequent synaptic responses are maintained at a high level. This phenomenon is referred to as hip- 
pocampus LTP (long-term potentiation). It is based on the reversible nature of synapses and is used as an indicator 
for assessment of brain function. B.M. McGahon, et al. measured the hippocampus LTP in rats housed for 8 weeks 
while feeding the animals a control diet or a diet containing arachidonic acid (10 mg/rat/day) using 22-month-old old 
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rats (Neurobiol. Aging, 20, 643, 1999). In comparison with 4-month-old young rats, the hippocampus LTP levels of the 
old rats decreased sharply, and demonstrated a recovery to the level of young rats due to administration of arachidonic 
acid. However, in terms of the memory mechanism, this enhancement of hippocampus LTP indicates activation of 
primary memory, and not activation of a shift from primary memory to secondary memory required for memory fixation. 

5 Thus, effects on memory fixation cannot be verified unless they are clarified in a behavioral pharmacology study, in 
this manner, although examples of assessing the effects of arachidonic acid using electrophysiological indicators have 
been indicated, whether or not arachidonic acid and/or compounds having arachidonic acid as a constituent fatty acid 
of the present invention are effective for the prevention or amelioration of symptoms or diseases caused by decreased 
brain function has not been determined. 

10 [0011] Thus, there is a strong need to develop pharmaceuticals and safer compounds, superior for application to 
foods, that prevent and exhibit ameliorative effects on symptoms or diseases caused by decreased brain function. 

DISCLOSURE OF THE INVENTION 

15 [0012] Thus, an object of the present invention is to provide a preventive or ameliorant for symptoms or diseases 
caused by decreased brain function, a food or beverage that has preventive or ameliorative action on symptoms or 
diseases caused by decreased brain function, and a production method thereof, which have for their active ingredient 
arachidonic acid and/or a compound having arachidonic acid as a constituent fatty acid. More particularly, an object 
of the present invention is to provide a preventive or ameliorant for decreased memory or learning ability, decreased 

20 cognitive ability, emotional disorders (e.g., depression) and mental disorders (e.g., dementia, and specifically Alzhe- 
imer's dementia, and cerebrovascular dementia), a food or beverage having said preventive or ameliorative action, 
and a production method thereof, which have for their active ingredient at least one type selected from the group 
consisting of arachidonic acid, alcohol esters of arachidonic acid, and triglycerides, phospholipids and glycolipids in 
which all or a portion of the constituent fatty acids are arachidonic acid. 

25 [0013] As a result of conducting extensive research for the purpose of determining the preventive or ameliorative 
effects of arachidonic acid or compounds having arachidonic acid as a constituent fatty acid on symptoms or diseases 
caused by decreased brain function, the inventors of the present invention unexpectedly determined the effects of 
arachidonic acid or compounds having arachidonic acid as a constituent fatty acid through a behavioral pathology 
analysis by using old rats more than 20 months old in a Morris water maze test. 

30 [0014] Moreover, the inventors of the present invention succeeded in industrially producing triglyceride having an 
arachidonic content of 20% by weight or more using microorganisms, were able to use this for testing the effects of 
the present invention, and determined the effects of said triglyceride. 

[0015] Moreover, the inventors of the present Invention also succeeded In producing oils and fats containing triglyc- 
eride in which medium-chain fatty acids are bound at 1,3-position and arachidonic acid is bound at 2-position, were 

55 able to use this for testing the effects of the present invention, and determined the effects of said triglyceride. 

[0016] Thus, the present invention provides a preventive or ameliorant for symptoms or diseases caused by de- 
creased brain function, a food or beverage having preventive or ameliorative action on symptoms or diseases caused 
by decreased brain function, and a production method thereof, which have for their active ingredient arachidonic acid 
and/or a compound having arachidonic acid as a constituent fatty acid. More particularly, the present invention provides 

*o a preventive or ameliorant for decreased memory or learning ability, decreased cognitive ability, emotional disorders 
(e.g., depression) and mental disorders (e.g., dementia, and specifically Alzheimer's dementia, and cerebrovascular 
dementia), a food or beverage having said preventive or ameliorative action, and a production method thereof, which 
have for their active ingredient at least one type selected from the group consisting of arachidonic acid, alcohol esters 
of arachidonic acid, and triglycerides, phospholipids and glycolipids in which all or a portion of the constituent fatty 

^5 acids are arachidonic acid. 

[0017] As a result of the present invention, a preventive or ameliorant for symptoms or diseases caused by decreased 
brain function, a food or beverage having preventive or ameliorative action on symptoms or diseases caused by de- 
creased brain function, and a production method thereof, which have for their active ingredient arachidonic acid and/ 
or a compound having arachidonic acid as a constituent fatty acid, can be provided, and are particularly useful for all 

50 humans considering the growing size of the elderly population throughout society. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

55 

Fig. 1 is a schematic explanatory drawing of a device used for a Morris water maze test. 
Fig. 2 provides an explanation of learning acquisition (Hit%). 

Fig. 3 is a graph showing learning acquisition relative to the number of trials made by rats. 
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Fig. 4 is a drawing showing the paths swam by rats for 60 seconds in a probe test for determining the degree of 
learning acquisition. 

Fig. 5 is a graph showing the results of a probe test for determining the degree of learning acquisition. 
Fig. 6 is a graph showing the results of determining the correlation between learning parameters and arachidonic 
5 levels in the hippocampus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0019] The present invention relates to a preventive or ameliorant for symptoms or diseases caused by decreased 
10 brain function, a food or beverage having preventive or ameliorative action on symptoms or diseases caused by de- 
creased brain function, and a production method thereof, which have for their active ingredient arachidonic acid and/ 
or a compound having arachidonic acid as a constituent fatty acid. 

[0020] The composition of the present invention has preventive or ameliorative action on symptoms or diseases 
caused by decreased brain function, and is useful as a food or beverage, pharmaceutical or over-the-counter drug and 
is so forth for the purpose of prevention and amelioration (or treatment) of decreased memory or learning ability, de- 
creased cognitive ability, emotional disorders (e.g., depression) and mental disorders (e.g., dementia, and specifically 
Alzheimer's dementia, and cerebrovascular dementia). 

[0021 ] More specifically, the compound of the present invention has preventive or ameliorative action on symptoms 
or diseases caused by decreased brain function accompanying aging, is useful as a food or beverage, pharmaceutical 

20 or over-the-counter drug and so forth for the purpose of prevention and amelioration (or treatment) of decreased mem- 
ory or learning ability, decreased cognitive ability, emotional disorders (e.g., depression) and mental disorders (e.g., 
dementia, and specifically Alzheimer's dementia, and cerebrovascular dementia), and is useful as a food or beverage, 
health food, functional food, food for specified health uses or geriatric food for the purpose preventing forgetf ulness, 
preventing senility, maintaining and improving memory, maintaining and improving concentration, maintaining and im- 

25 proving attentiveness, refreshing the mind, maintaining wakefulness and maintaining youth. 

[0022] In addition to free arachidonic acid, all compounds having arachidonic acid as a constituent fatty acid can be 
used for the active ingredient of the present invention. Examples of compounds having arachidonic acid as a constituent 
fatty acid Include salts of arachidonic acid such as calcium salts and sodium salts. Other examples include alcohol 
esters of arachidonic acid such as arachidonate methyl ester and arachidonate ethyl ester. In addition, triglycerides, 

30 phospholipids and glycolipids in which all or a portion of their constituent fatty acids are arachidonic acid can also be 
used. 

[0023] In the case of considering applications to foods, arachidonic acid is preferably in the form of a triglyceride or 
phospholipid, and particularly preferably in the form of a triglyceride. Although there are hardly any supply sources in 
the natural world of triglycerides containing arachidonic acid (synonymous with triglycerides containing triglycerides in 

35 which all or a portion of the constituent fatty acids are arachidonic acid), the inventors of the present invention made 
it possible to industrially utilize triglyceride containing arachidonic acid, and by using old rats more than 20 months old 
in a Morris water maze test, determined for the first time the effects of the active ingredient of the present invention by 
behavioral pharmacology analysis, clearly demonstrating that it has preventive or ameliorative action on symptoms or 
diseases caused by decreased brain function. 

40 [0024] Thus, in the present invention, triglycerides can be used that contain triglycerides in which all or a portion of 
the constituent fatty acids are arachidonic acid (triglycerides containing arachidonic add), the active ingredient of the 
present invention. Oils and fats (triglycerides) in which the proportion of arachidonic acid among all fatty acids that 
compose the triglyceride is 20% by weight (w/w) or more, preferably 30% by weight or more, and more preferably 40% 
by weight or more, are the preferable form of triglycerides that contain arachidonic acid in the case of applying to foods. 

45 Thus, in the present invention, all triglycerides can be used provided they are obtained by culturing microorganisms 
having the ability to produce oils and fats (triglycerides) containing arachidonic acid. 

[0025] Examples of microorganisms having the ability to produce oils and fats (triglycerides) containing arachidonic 
acid include microorganisms belonging to the genii Mortierella . Conidiobolus , Pythium , Phytophthora , Penicillium , 
Cladosporium , Mucor , Fusarium , Aspergillus , Rhodotorula , Entomophthora , Echinosporangium and Saprolegnla . Ex- 
50 amples of microorganisms belonging to the genus Mortierella subgenus Mortierella include Mortierella elongata , Mor- 
tierella exigua , Mortierella hygrophila and Mortierella alpina . Specific examples of these strains include Mortierella 
elongata IF08570, Mortierella exigua IF08571, Mortierella hygrophila IF05941 and Mortierella alpina IF08568, 
ATCC16266, ATCC32221, ATCC42430, CBS219.35, CBS224.37, CBS250.53, CBS343.66, CBS527.72, CBS529.72, 
CBS608.70 and CBS754.68. 

55 [0026] All of the these strains can be acquired without restriction from the Institute for Fermentation (IFO), Osaka, 
Japan, the American Type Culture Collection (ATCC), USA and the Centrralbureau voor Schimmelcultures (CBS). In 
addition, the strain Mortierella elongata SAM0219 (NIBH Deposit No. PERM P 8703) (NIBH Deposit No. PERM BP 
1239), which was isolated from the soil by the research group of the present invention, can also be used. 
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[0027] In order to culture the microbial strains used in the present invention, spores or mycelia of that microbial strain 
or a pre-culture liquid obtained by cuituring the microbial strain in advance are inoculated into liquid or solid media. In 
the case of liquid media, although glucose, fructose, xylose, saccharose, maltose, soluble starch, molasses, glycerol 
or mannitol are typically used as a carbon source, any of these may be used and there are no restrictions on them. 

5 Examples of nitrogen sources that can be used include natural nitrogen sources such as peptones, yeast extract, wheat 
germ extract, beef extract, casamino acids, cornstarch 1 stiplica, soybean protein, defatted soybean and cottonseed 
residue, as well as organic nitrogen sources such as urea, and inorganic nitrogen sources such as sodium nitrate, 
ammonium nitrate and ammonium sulfate. In addition, inorganic salts such as phosphates, magnesium sulfate, iron 
sulfate and copper sulfate as well as vitamins and so forth can be used as necessary as trace nutrient sources. There 

10 are no particular restrictions on these media ingredients provided they are at a concentration that does not impair 
microorganism growth. In practical terms, the nitrogen source should typically have a concentration of 0.1-40% by 
weight (w/v), and preferably 1-25% by weight (w/v). The initial amount of nitrogen source added is typically 0.1-10% 
by weight (w/v), and preferably 0.1-6% by weight (w/v), and the nitrogen source may be added during the course of 
cuituring. 

15 [0028] Moreover, oils and fats (triglycerides) having an arachidonic acid content of 45% by weight or more can also 
be used as the active ingredient of the present invention by controlling the concentration of the carbon source in the 
medium. Cuituring consists of an organism growth phase extending from days 2 to 4 of cuituring, and an oil or fat 
accumulation phase extending beyond days 2 to 4 of cuituring. The initial concentration of the carbon source should 
be 1-8% by weight, and preferably 1-4% by weight, the carbon source should be gradually increased only during 

20 organism growth phase and early oil or fat accumulation stage, and total amount of the sequentially added carbon 
source should be 2-20% by weight, and preferably 5-15% by weight. Furthermore, an oil or fat (triglyceride) having an 
arachidonic acid content of 45% by weight or more can be obtained and used as the active ingredient of the present 
invention by making the gradually added amount of carbon source added during the organism growth phase and early 
oil or fat accumulation stage such that the concentration of carbon source in the medium becomes 0 on day 7 of 

25 cuituring and beyond, preferably on day 6 of cuituring and beyond, and more preferably on day 4 of cuituring and 
beyond, by an addition corresponding to the initial concentration of the nitrogen source. 

[0029] Although the cuituring temperature of arachidonic acid-producing microorganisms varies according to the 
microorganism used, it should be 5-40°C and preferably 20-30*C, and after growing the microorganisms by cuituring 
at 20-30°C, cuituring is continued at 5-20°C to produce unsaturated fatty acid. The proportion of polyunsaturated fatty 

30 acids among the fatty acids formed can be increased by. controlling the temperature in this manner. The pH of the 
medium is 4-10, and preferably 5-9, and cuituring is carried out by aerated stir cuituring, shake cuituring or stationary 
cuituring. Cuituring is normally carried out for 2-30 days, preferably 5-20 days, and more preferably 5-15 days. 
[0030] Moreover, as another means of increasing the proportion of arachidonic acid in an oil or fat (triglyceride) 
containing arachidonic acid besides controlling the concentration of the carbon source in the medium, oil or fat having 

35 a high content of arachidonic acid can also be obtained by selectively hydrolyzing oil or fat containing arachidonic acid. 
Since the lipase used for this selective hydrolysis does not have position specificity for triglycerides, and the hydrolysis 
activity decreases in proportion to the number of double bonds, ester bonds of fatty acids other than polyunsaturated 
fatty adds are hydrolyzed. The resulting triglyceride has an increased polyunsaturated fatty acid content due to the 
occurrence of a transesterification reaction between the resulting PUFA partial glycerides ("Enhancement of Arachi- 

40 donic Acid: Selective Hydrolysis of a Single-Cell Oil from Mortierella with Candida cylindracea Lipase", J. Am. Oil Chem. 
Soc, 72, 1 323-1 327 (1 998)). In this manner, an oil or fat having a high content of arachidonic acid obtained by carrying 
out selective hydrolysis on an oil or fat (triglyceride) containing arachidonic acid can be used as the active ingredient 
of the present invention. Although the proportion of arachidonic acid relative to the total amount of fatty acids of an oil 
or fat (triglyceride) containing arachidonic acid of the present invention is preferably high for the purpose of eliminating 

45 the effects of other fatty acids, it is not limited to a high proportion, but rather, in actuality, in the case of applying to 
foods, there are cases in which the absolute amount of arachidonic acid may present problems, and even oils and fats 
(triglycerides) having ah arachidonic acid content of 1 0% by weight or more can substantially be used. 
[0031] Moreover, triglycerides in which medium-chain fatty acids are bound at 1 ,3-position and arachidonic acid is 
bound at 2-positiori can also be used as a triglyceride in which all or a portion of the constituent fatty acids are arachi- 

50 donic acid. In addition, oils and fats (triglycerides) can be used that contain 5 mol% or more, preferably 10 mol% or 
more, more preferably 20 mol% or more, and most preferably 30 mol% or more of a triglyceride in which medium-chain 
fatty acids are bound at 1,3-position and arachidonic acid is bound at 2-position. Medium-chain fatty acids selected 
from fatty acids having 6 to 12 carbon atoms can be used for the medium-chain fatty acids bound at 1,3-position of 
the aforementioned triglyceride. Examples of fatty acids having 6 to 12 carbon atoms include caprylic acid and capric 

55 acid, and 1 ,3-capryloyl-2-arachidonoyl-glycerol (to be referred to as U 8A8°) is particularly preferable. 

[0032] These triglycerides in which medium-chain fatty acids are bound at 1 ,3-position and arachidonic acid is bound 
at 2-position are optimum oils and fats (triglycerides) in the case of being used for the elderly. Although ingested oils 
and fats (triglycerides) are typically hydrolyzed by pancreatic lipase when they enter the small intestine, this pancreatic 
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lipase is specific for 1 ,3-position, enabling 1 ,3-position of the triglycerides to be severed resulting in the formation of 
two molecules of free fatty acid, while at the same time forming one molecule of 2-monoacylglycerol (to be referred to 
as M 2-MG n ). As this 2-MG is extremely soluble in bile acids and has a high degree of absorption, 2-positidn fatty acids 
are typically considered to be easily absorbed. In addition, when 2-MG dissolves in bile acids, it plays the role of a 

5 surfactant by acting to increase the absorption of free fatty acids. Next, the free fatty acids and 2-MG biosynthesize 
bile acid compound micelles together with cholesterol and phospholipids, which are then incorporated into small in- 
testine epithelial cells where the resynthesis of triacylglycerol takes place, after which this is ultimately released into 
the lymph in the form of chylomicrons. However, this pancreatic lipase is highly specific for saturated fatty acids, thus 
giving arachidonic acid the characteristic of being resistance to severing by this enzyme. Another problem is that, since 

10 pancreatic lipase activity decreases with age, in elderly persons susceptible to symptoms and diseases caused by 
decreased brain function, triglycerides in which medium-chain fatty acids are bound at 1,3-position and arachidonic 
acid is bound at 2-position are the optimum type of oils and fats (triglycerides). 

[0033] As a concrete example of a method for producing triglyceride in which medium-chain fatty acids are bound 
at 1,3-position and arachidonic acid is bound at 2-position, such a triglyceride can be produced by allowing lipase, 
15 which specifically acts on the ester bonds at 1 f 3-position of the triglyceride, to act in the presence of oil or fat (triglyceride) 
containing arachidonic acid and medium-chain fatty acids. 

[0034] The oil or fat (triglyceride) serving as the raw material is a triglyceride that has arachidonic acid as a constituent 
fatty acid, and in the case the proportion of arachidonic acid relative to the total amount of fatty acids that compose 
the triglyceride is high, because decreases in the reaction yield can be prevented by increasing the unreacted oil or 
20 fat (triglyceride in which only the raw material triglyceride or 1 ,3-position fatty acids have become medium-chain fatty 
acids), the enzyme reaction temperature is normally higher than 20-30*0, preferably 30-50°C, and more preferably 
40r50°C. 

[0035] Examples of lipases that can be used which specifically act on the ester bonds at 1 ,3-position of triglycerides 
include those produced by microorganisms such as Rhizopus species, Rhizomucor species and Aspergillus species, 
25 as well as porcine pancreatic lipase. Commercially available products can also be used for this lipase. Examples of 
commercially available lipases include, but are not limited to, the lipase of Rhizopus delemar (Tanabe Seiyaku, Tali- 
pase), and the lipases of Rhizomucor miehei (Novo Nordisk, Lipozyme IM) and Aspergillus niger (Amano Pharmaceu- 
tical, Lipase A), and any lipase can be used provided it is specific for 1 ,3-position. 

[0036] The aforementioned lipase is preferably used in the form of lipase immobilized on a immobilizing support for 
30 the purpose of imparting heat resistance to the enzyme since the reaction temperature is 30 Q C or higher, and preferably 
40*LC or higher, for the purpose of enhancing reaction efficiency. An ion exchange resin support in the form of a highly 
por&us resin having a pore diameter of about 100 Angstroms or more can be used for the immobilizing support, an 
example of which Is the Dowex Marathon WBA (trade name, Dow Chemical). 

[0037] 0.5-20 parts (by weight) of an aqueous solution of 1 ,3-position-specific type lipase are suspended in 1 part 
35 of immobilizing support followed by the gradual addition of 2-5 parts of cold acetone (e.g., -80°C) to the suspension 
while stirring to form a precipitate. An immobilized enzyme can then be prepared by drying this precipitate under reduced 
pressure. As an even simpler method, 0.05-0.4 parts of 1 ,3-position-specific type lipase are dissolved in a minimum 
of water and mixed with 1 part of immobilizing support while stirring followed by drying under reduced pressure to 
prepare an immobilized enzyme. Although about 90% of the lipase is immobilized on the support by this procedure, 
40 since it does not exhibit any transesterification activity in this state, the immobilized enzyme can be activated most 
efficiently by pre-treating in a solute (raw material oil or fat and medium-chain fatty acids) to which 1-10% by weight 
(w/v) of water has been added, and preferably in a solute to which 1-3% by weight of water has been added, followed 
by use in production. 

[0038] Depending on the type of enzyme, the amount of water added to the reaction system is extremely crucial. 

45 The transesterification proceeds with difficulty if water is not contained in the reaction system, while hydrolysis occurs 
if a large amount of water Is present, thereby decreasing the triglyceride recovery rate (due to the formation of diglyc- 
erides and monoglycerides by hydrolysis). In this case, however, by using an immobilized enzyme that has been ac- 
tivated by the aforementioned pre-treatment, the amount of water added to the reaction system is no longer important, 
and the transesterification reaction is able to occur efficiently even in the complete absence of water. Moreover, the 

so pre-treatment can be omitted by selecting the type of enzyme agent 

[0039] By using an immobilized enzyme having heat resistance and increasing the enzyme reaction temperature in 
this manner, triglyceride in which medium-chain fatty acids are bound at 1 ,3-position and arachidonic acid is bound at 
2-position can be efficiently produced without causing a decrease in reaction efficiency even in the case of oils and 
. fats (triglycerides) containing arachidonic acid for which 1 ,3-position-specific type lipase has a low level of activity. 

55 [0040] In the production of a food or beverage having preventive or ameliorative action on symptoms or diseases 
caused by decreased brain function, arachidonic acid and/or a compound having arachidonic acid as a constituent 
fatty acid may be used alone, or it may be blended with a food or beverage raw material substantially free of arachidonic 
acid or containing only a slight amount of arachidonic acid. Here, a slight amount refers to an amount for which, even 
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if arachidonic acid is contained in the food or beverage raw material, the food composition in which it is contained does 
not reach the daily ingested amount of arachidonic acid of the present invention, to be described later, when that food 
composition is ingested by a person. 

[0041] In the case of triglycerides in which all or a portion of the constituent fatty acids are arachidonic acid in par- 
5 ticular, there are no restrictions on the application of those oils and fats (triglycerides), and they can be used as raw 
materials or additives of foods, beverages, pharmaceuticals or over-the-counter drugs. These triglycerides are also 
not subjected to any restrictions on the purpose of their use or the amount used. 

[0042] Examples of food compositions include not only ordinary foods, but also functional foods, nutritional supple- 
ment foods, newborn formulas, infant formulas, baby food, foods to be consumed during pregnancy and geriatric foods. 

io Examples of foods that contain oils and fats include natural foods that inherently contain oils and fats such meats, fish 
and nuts, foods to which oils and fats are added during preparation such as soup, foods for which oils and fats are 
used as a heating medium such as doughnuts, oily foods such as butter, processed foods to which oils and fats are 
added during processing such as cookies, and foods in which oils and fats are sprayed orcoated during final processing 
such as hard biscuits. Moreover, oils and fats can also be added to agricultural food products, fermented food products, 

15 livestock food products, marine food products or beverages that do not contain oils and fats. Moreover, these may also 
be in the form of functional foods, pharmaceuticals or over-the-counter drugs; examples of which include transintestinal 
nutrients, powders, granules, tablets, capsules, troches, medicines, suspensions, emulsions, syrups and other proc- 
essed forms. 

[0043] Moreover, in addition to the active ingredient of the present invention, the composition of the present invention 
20 may also contain various carriers and additives ordinarily used in foods, beverages, pharmaceuticals or over-the- 
counter drugs. In particular, the composition of the present invention preferably contains an antioxidant for the purpose 
of preventing oxidative deterioration of the active ingredient of the present invention. Examples of antioxidants include 
natural antioxidants such as tocopherols, flavone derivatives, phyllozulcins, kojic acid, gallic acid derivatives, catechins, 
butterburic acid, gossypol, pyrazine derivatives, sesamol, guaiacol, guaiac fat, p-coumaric acid, nordihydroguaiatetic 
25 acid, sterols, terpenes, nucleic acid bases, carotinoids and lignans, as well as synthetic antioxidants exemplified by 
such compounds as ascorbic palmitate ester, ascorbic stearate ester, butylhydroxyanisole (BHA), butylhydroxytoluene 
(BHT), mono-t-butylhydroxyquinone (TBHQ) and 4-hydroxymethyl-2,6-di-t-butylphenol (HMBP). Examples of tocophe- 
rols include ct-tocopherol, p-tocopherol, ^-tocopherol, 5-tocopherol, e-tocopherol, ^-tocopherol, Ti-tocopherol and toco- 
pherol esters (such as tocopherol acetate). Moreover, examples of carotinoids include (J-carotene, cantaxanthine and 
30 astaxanthine. 

[0044] In the composition of the present invention, in addition to the active Ingredient of the present invention, ex- 
amples of carriers include various immobilizing supports, extenders, diluents, thickeners, dispersants, vehicles/binder 
solvents (such as water, ethanol and vegetable oils), solvent assistants, buffers, solubility promoters, gelling agents, 
suspension agents, flour, rice flour, starch, cornstarch, polysaccharide, milk protein, collagen, rice oil and lecithin. 
35 Examples of additives include, but are not limited to, vitamins, sweeteners, organic acids, colorants, fragrances, mois- 
ture prevention agents, fibers, electrolytes, minerals, nutrients, antioxidants, preservatives, aromatics, wetting agents,, 
natural food extracts and vegetable extracts. 

[0045] The major pharmacologically active ingredient of arachidonic acid and compound having arachidonic acid as 
. a constituent fatty acid lies in the arachidonic acid. The daily ingested amount of arachidonic acid in the diet is reported 

40 to be 0.14 g in the Kanto region and 0.19-0.20 g in the Kansai region (Lipid Nutrition Science, 4, 73-82, 1995)* In 
consideration of the decreased ingestion of oils and fats by the elderly and the decrease in pancreatic lipase activity, 
elderly persons are required to ingest at least an equivalent amount, and most likely an even greater amount, of ara- 
chidonic acid. Thus, the daily ingested amount of the arachidonic acid and compound having arachidonic acid as a 
constituent fatty acid of the present invention for an adult (for example, body weight: 60 kg) is 0.001-20 g, preferably 

*5 0.01-10 g, more preferably 0.05-5 g and most preferably 0.1-2 g as arachidonic acid. 

[0046] In the case of actually applying the active ingredient of the present invention to foods or beverages, the 
absolute amount of arachidonic acid Wended into the food is important. However, as the absolute amount blended into 
the food or beverage also varies according to the ingested amount of the food or beverage in which it is blended, in 
the case of blending triglycerides containing a triglyceride in which all or a portion of the constituent fatty acids are 

50 arachidonic acid into a food, they should be blended so that the amount of arachidonic acid is 0.0003% by weight or 
more, preferably 0.003% by weight or more, and more preferably 0.03% by weight or more. Moreover, in the case of 
blending triglycerides containing a triglyceride in which medium-chain fatty acids are bound to 1 ,3-position and ara- 
chidonic acid is bound to 2-position into a food or beverage, they should be blended so that the amount of medium- 
chain fatty acids bound at 1,3-position is 0.001% by weight or more, preferably 0.01% by weight or more, and more 

55 preferably 0.1% by weight or more, as triglyceride in which arachidonic acid is bound at 2-position. 

[0047] In the case of using the composition of the present invention as a pharmaceutical, a pharmaceutical can be 
produced in accordance methods ordinarily used in the field of pharmaceutical technology, such as methods described 
in the Japanese Pharmacopoeia or methods conforming thereto. 
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[0048] In the case of using the composition of the present invention as a pharmaceutical, there are no particular 
restrictions on the blended amount of active ingredient in the composition provided the object of the present invention 
is achieved, and it can be used at any suitable blending ratio. 

[0049]. In the case of using the composition of the present invention as a pharmaceutical, it is preferably administered, 
in a single administration form, and oral administration is particularly preferable. Although the dosage of the composition 
of the present invention varies according to age, body weight, symptoms, number of administrations and so forth, for 
example, the daily adult dosage (body weight: approx. 60 kg) of arachidonic acid or a compound having arachidonic 
acid as a constituent fatty acid of the present invention is normally about 0.001-20 g, preferably about 0.01-1 0 g, more 
preferably about 0.05-5 g and most preferably about 0.1 -2 g as arachidonic acid, and should be administered by dividing 
it among one to three administrations per day. 

[0050] The major phospholipids of the phospholipid membranes in the brain are arachidonic acid and docosahex- 
aenoic acid, and in the case of considering the balance between the two, the composition of the present invention 
preferably combines docosahexaenoic acid with arachidonic acid. In addition, as the proportion of eicosapentaenoic 
acid in the phospholipid membranes of the brain is extremely low, the composition of the present invention preferably 
contains hardly any eicosapentaenoic acid. In addition, a composition is more preferable that contains hardly any 
eicosapentaenoic acid but contains arachidonic acid and docosahexaenoic acid. In the combining of the arachidonic 
acid and docosahexaenoic acid, the ratio of arachidonic acid to docosahexaenoic acid (weight ratio) is within the range 
of 0.1-15 and preferably within the range of 0.25-10. In addition, a food or beverage is preferable in which the amount 
of eicosapentaenoic acid does not exceed one-fifth the amount (weight ratio) of arachidonic acid. 
[0051] The following provides a more detailed explanation of the present invention through its examples. However, 
the present invention is not limited to the following examples. 

[0052] Furthermore, health foods, functional foods, food for specified health uses, geriatric food and other food com- 
positions of the present invention include those sold without any description or label on packaging container of said 
food composition and/or a marketing tool (such as a pamphlet) for promoting sales of said food composition indicating 
that the said food composition and/or ingredients of said food composition have preventive or ameliorative action for 
symptoms or diseases caused by decreased brain function, and more specifically, preventive or ameliorative action 
for symptoms or diseases caused by decreased brain function accompanying aging, prevention and amelioration of 
decreased memory or learning ability, decreased cognitive ability, emotional disorders (e.g., depression) and mental 
disorders (e.g., dementia, and specifically Alzheimer's dementia and cerebrovascular dementia), prevention of forget- 
fulness, prevention of senility, maintenance and improvement of memory, maintenance and improvement of concen- 
tration, maintenance and improvement of attentiveness, refreshing the mind, maintaining wakefulness and maintaining 
youth. 
». 

Example 1 

(Production Method of Triglycerides Containing Arachidonic Acid) 

[0053] Mortierella alpina CBS754.68 was used for the arachidonic acid-producing microorganism. Six kL of medium 
containing 1.8% glucose, 3.1% defatted soybean powder, 0.1% soybean oil, 0.3% KH 2 P0 4 , 0.1% NagSO^ 0.05% 
CaCI^HgO and 0.05% MgClg-eHgO were prepared in a 10 kL culturing tank and the initial pH was adjusted to 6.0. 
After inoculating with 30 L of pre-culture liq uid, culturing was carried while aerating by stirring for 8 days under conditions 
of a temperature of 26°C; air flow rate of 360 m 3 /hour and tank internal pressure of 200 kPa. Furthermore, the stirring 
rate was adjusted so as to maintain the dissolved oxygen concentration at 1 0-15 ppm. Moreover, the glucose concen- 
tration was maintained so that the glucose concentration in the medium was within the range of 1-2.5% through day 
4 and 0.5-1 % after that time (the above percentages referto w/v%) using the flow addition method. Following completion 
of culturing, those microorganisms that contain triglycerides containing arachidonic acid were recovered by filtration 
and drying, and oil or fat was extracted from the resulting microorganisms with hexane followed by an edible oil puri- 
fication step (degumming, deacidifying, deodorizing and decoloring) to obtain 150 kg of arachidonic acid-containing 
triglycerides (wherein the arachidonic acid was bound at an arbitrary site of the triglyceride). When the methyl esters 
were prepared from the resulting oil or fat (triglycerides) by transmethylation and analyzed by gas chromatography, 
the proportion of arachidonic acid in the total amount of fatty acids was 40.84% by weight. Furthermore, the proportions 
of palmitic acid, stearic acid, oleic acid, linoleic acid, y^inolenic acid and tiihomo^-linolenic acid were 1 1 .63, 7.45, 7.73, 
9.1 4, 2.23 and 3.27% by weight, respectively. Moreover, 99% by weight arachidonic ethyl ester was isolated and purified 
by the established method of high-performance liquid chromatography from a fatty acid ethyl ester mixture containing 
40% by weight of arachidonic ethyl ester, prepared from the aforementioned arachidonic acid containing oil or fat 
(triglycerides) by transethylation. 
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Example 2 

(Production of Triglycerides Containing 5 mol% or More of 8A8) 

5 [0054] 1 00 g of an ion exchange resin support (Dowex Marathon WBA: Dow Chemical, trade name) were suspended 
in 80 ml of an aqueous solution of 12.5% Rhizopus delemar lipase (Talipase Powder, Tanabe Seiyaku) followed by 
drying under reduced pressure to obtain immobilized lipase. 

[0055] Next, 80 g of the triglycerides obtained in Example 1 containing 40% by weight of arachidonic acid (TGA40S), 
1 60 g of caprylic acid, 1 2 g of the aforementioned immobilized lipase and 4.8 ml of water were allowed to react for 48 
10 hours at 30°C while stirring (130 rpm). Following completion of the reaction, the reaction solution was removed to 
obtain activated immobilized lipase. 

[0056] Next, 10 g of immobilized lipase (Rhizopus delemar lipase, support: Dowex Marathon WBA, trade name) were 
filled into a jacketed glass column (1 .8 x 1 2.5 cm, volume: 31 .8 ml), and a mixed oil or fat consisting of the TGA40S 
obtained in Example 1 and caprylic acid mixed at a ratio of 1 :2 was allowed to flow through the column at a constant 

15 flow rate (4 ml/h) to allow the reaction to proceed continuously and obtain 400 g of reaction oil or fat. Furthermore, the 
column temperature was 40-41 °C. Unreacted caprylic acid and free fatty acids were removed by molecular distillation 
to obtain an oil or fat (triglycerides) containing 8A8. When the proportion of 8A8 in the resulting 8A8-containing oil or 
fat (triglycerides) was investigated by gas chromatography and high-performance liquid chromatography, it was found 
to be 31 .6 mol%. (Furthermore, the proportions of 8P8, 808, 8L8, 8G8 and 8D8 were 0.6, 7.9, 1 5.1 , 5.2 and 4.8 mol%, 

20 respectively. The fatty acids P, O, L, G and D bound to 2-position of the triglyceride represent palmitic acid, oleic acid, 
linoleic acid, 7-linolenic acid and dihomo-y^linolenic acid, respectively, while 8P8 refers to 1,3-capryloyl-2-palmitoyl- 
glycerol, 808 to 1 ,3-capryloyl-2-oleoyl-glycerol, 8L8 to 1 ,3-capryIoyl-2-linoleoyl-glycerol, 8G8 to 1 f 3-capryloyl-2-^lino- 
lenoyl-glycerol and 8D8 to 1 ,3-capryloyl-2-dihomo^linoIenoyl-glycerol.) Furthermore, 96 mol% 8A8 was purified and 
isolated from the resulting 8A8-containing oil or fat (triglycerides) by the established method of high-performance liquid 

25 chromatography. 

Example 3 

(Evaluation of Learning Ability of TGA40S by a Morris Water Maze Test) 

30 

[0057] For thetest groups of old rats, sixteen 18-month-old male Fischer rats were divided into two groups consisting 
of a control diet group (8 animals, group OC) and a TGA40S diet group (8 animals, group OA), and the control diet 
and SUNTGA40S diet shown in Table 1 were given to each group, respectively. The control diet shown In Table 1 was 
given to eight 4-month-old male Fischer rats serving as a control group of young rats (group YC). Furthermore, the 
35 TGA40S obtained in Example 1 was used for the TGA40S used in the TGA40S diet 



Table 1 



40 



Test Diets 




Control Diet 

(g) 


TGA40S Diet 

(g) 


Casein 


200 


200 


DL-methionine 


3 


3 


Cornstarch 


150 


150 


Sucrose 


500 


500 


Cellulose powder 


50 


50 


Corn oil 


50 


45 


Mineral AIN-76 


35 


35 


Vitamin AIN-76 


10 


10 


Choline bitartrate 


2 


2 


Vitamin E 


0.05 


0.05 


TGA40S 


0 
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[0058] Since the daily ingested amount per rat was about 20 g, the daily ingested amount of TGA40S per rat is 0.1 
g. Since 40% by weight of all of the fatty acids bound to TG A40S is arachidonic acid, this means that the daily ingested 
amount of arachidonic acid per rat is 40 mg (the weight of the glycerol skeleton was ignored to simplify calculations). 
This 40 mg is equivalent to 133 mg/60 kg/day when converted to the ingested amount for humans. 

5 [0059] A Morris water maze learning test was conducted around the third month of the experiment (age of old rats: 
21 months, age of young rats: 7 months). The Morris water maze test is a learning test based on spatial recognition 
in which water stained black with ink is filled (height of water level: 20 cm) into a water tank (diameter 1 20 cm, height: 
35 cm), a rat is placed on an escape platform of a size (diameter 11.5 cm, height: 19 cm) that is just large enough for 
the rat to stand on (the escape platform is located beneath the surface of the water and cannot be seen by rats swimming 

10 in the water tank), the rat on which the learning test is to be performed is placed in the water tank at a predetermined 
location in the tank (starting point), and then forced to swim to the escape platform. This test is recognized to have a 
correlation with the hippocampus that governs memory, and is widely used in the US and Europe. As the test is repeated, 
the*rats learn the location of the escape platform. The rats were allowed to learn using the method described below. 
Namely, after releasing a rat from the starting point of the Morris water maze test apparatus, if the rat was unable to 

15 reach the escape platform within 60 seconds, the rat was placed on the escape platform, thereby enabling it to learn 
the location of the unseen escape platform. This learning process was continued for 2 weeks no more than twice a 
day. The percentage of the amount of time required to swim from the starting point to the escape platform within an 
angular deviation range of ±15° to the total swimming time (Hit%, see Fig. 2) was used as an indicator of learning. 
Although the learning acquisition rate of old rats clearly decreases as compared with young rats, as a result of feeding 

20 TAG40S, namely arachidonic acid, learning acquisition rate improved to near the level of young rats (Fig. 3). In Fig. 3, 
each graduation on the scale of the horizontal axis represents four trials, or two days worth of testing. 
[0060] Next, in order to determine the degree of learning acquisition, a probe test was conducted on the day after 
two weeks of the aforementioned learning, namely on day 15. If the escape platform is taken away after the rats have 
acquired learning, the rats swim around at the location where the escape platform used to be. The time during which 

25 the rats swim around at the former location of the escape platform based on the memory of where it used to be (evaluated 
by dividing the water tank into four quadrants and evaluated as the amount of time (seconds) spent in the quadrant 
where the escape platform used to be) can used to evaluate the degree of learning acquisition. The paths swam by 
the No. 1 and No. 2 rats of the YC group, OA group and OC group are shown (Fig. 4). Furthermore, as the rats were 
allowed to learn by changing the starting points for individual rats, the starting point (S) and quadrant where the escape 

30 platform used to be in Fig. 4 differ according to individual rats. In addition, in Fig. 5, target quadrant indicates the 
quacjrant (1/4) where the escape platform used to be. Rat OC-1 of the OC group was clearly wandered throughout the 
watjer tank, and was only in the quadrant where the escape platform used to be for 2.4 seconds. The results of the 
probe test are summarized in Table 2. 



55 Table 2 





Results of Probe Test 




Test Group 


Time swimming at 


Meant standard 


Sample standard 


t 


p value (from t(f:p) 






location where 


deviation 


deviation 


value 


table) degree of 


40 




escape platform 


(SD) 


(S) 




freedom 






used to be as a 








f=n- 






result of 








1=7 






remembering 














location of escape 










45 




platform 














(sec.) 














n = 8 












Group 


28.6, 36.6, 


23.20± 


7.06 


3.07 


p<0.05 


50 


OA 


14.8, 22.2, 


7.54^* 










22.2, 26.2, 














13.0, 21.8 












Group 


2.4, 30.2, 


19.78+ 


10.09 


1.25 






OC 


23.4, .17.4, 


10.79 b 








55 




5.0, 23.0, 











* a and b Indicate a signfficant difference between different letters (p<0.05) 
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Table 2 (continued) 



Results of Probe Test 


Test Group 


Time swimming at 
location where 
escape platform 
used to be as a 

result of 
remembering 
location of escape 
platform 
(sec.) 
n = 8 


Meartt standard 
deviation 
(SD) 


Sample standard 
deviation 
(S) 


t 

value 


p value (from t(f:p) 
table) degree of 
freedom 

f - n - 
1 =7 




30.4, 26.4 










Group 
YC 


27.8, 34.8, 
30.6, 33.4, 
20.8, 23.4, 
34.0, 22.6 


28.43± 
5.59 a 


5.23 


6.79 


p<0.001 



[0061 J In Table 2, 




where, 
X 

represents the mean, |i the population mean (15 seconds), S the sample standard deviation, SD the mean ± 
standard deviation and n the number of data elements (number of data elements of each group), while S represents 




and SD represents 




[0062] When Table 2 is expressed in the form of a graph (Fig. 5), the amount of time spent in the quadrant where 
the escape platform used to be by the old rats of group OA given TGA40S (time spent swimming around the location 
where the escape platform used to be as a result of remembering the location of the escape platform) can be seen to 
be significantly longer. As the chance level of 1 5 seconds measures the time spent by allowing the rats to swim Tor 60 
seconds, this also indicates the possibility of the rats spending time in that quadrant by coincidence. The bar graph 
indicates the mean time spent by rats in the quadrant where the escape platform used to be. 
[0063] Next, the hippocampus was excised from those rats used in the Morris water maze test and all of the lipids 
were extracted using the Folch method. After then fractioning the lipids by thin layer chromatography, scraping off the 
phospholipid fraction and removing the water by boiling with ethanol, the lipids were analyzed by gas chromatography 
after converting to fatty acid methyl esters with 10% hydrochloric acid-methanol. As a result of determining the corre- 
lation between the water maze learning parameters ("time to reach escape platform (the shorter the better)", "proportion 
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of time swimming toward escape platform (Hit%. the larger the better)") and the amount of arachidonic acid in the 
hippocampus with a primary approximation curve based on the least squares method (Fig. 6), a negative correlation 
was observed between time to reach escape platform and amount of arachidonic acid in hippocampus (correlation 
coefficient R = -0.38), while a positive correlation was observed between time to reach escape platform and Hit% of 
the path swam by the rats (correlation coefficient R = 0.32). In Fig. 6, the vertical axis indicates the amount of arachidonic 
acid in mg per gram of hippocampus tissue. In this manner, it was shown for the first time that the administration of 
TGA40S improves learning ability or cognitive ability, and it was also demonstrated for the first time that the effect is 
due to arachidonic acid. 

Example 4 

(Evaluation of Learning Ability of 8A8 by a Morris Water Maze Test) 

[0064] For the test groups of old rats, twenty i 8-month-old male Fischer rats were divided into three groups consisting 
of a control diet group (6 animals, group OC), a TGA40S diet group (6 animals, group OA) and an 8A8 diet group (8 
animals, group 8A8), and the control diet, SUNTGA40S diet and 8A8 diet shown in Table 3 were given to each group, 
respectively. The control diet shown in Table 3 was given to eight 4-month-old male Fischer rats serving as a control 
group of young rats (group YC). Furthermore, the 96 mol% 8A8 obtained in Example 2 was used for the 8A8 used in 
the 8A8 diet. 



Table 3 



Test Diets 




Control Diet 
(9) 


TGA40S Diet 
(9) 


8A8 Diet 

(g) 


Casein 


200 


200 


200 


DL-methioriine 


3 


3 


3 


Cornstarch 


150 


150 


150 


Sucrose 


500 


500 


500 


Cellulose powder 


50 


50 


50 


Corn oil 


50 


45 


45.8 


Mineral AIN-76 


35 


35 


35 


Vitamin AIN-76 


10 


10 


10 


Choline bitartrate 


2 


2 


2 


Vitamin E 


0.05 


0.05 


0.05 


TGA40S 


0 


5 


0 


8A8 


0 


0 


4,2 



[0065] Since the daily ingested amount per rat was about 20 g, the daily ingested amount of TGA40S per rat is 0.1 
g. Since 40% by weight of all of the fatty acids bound to TGA40S is arachidonic acid, this means that the daily ingested 
amount of arachidonic acid per rat is 40 mg (the weight of the glycerol skeleton was ignored to simplify calculations). 
Since the molecular weight of TGA40S is 928.5 (calculated from mean fatty acid molecular weight) and the molecular 
weight of 8A8 is 628.7, the test diet was designed so that the daily ingested amount of arachidonic acid per animaJ 
was 40 mg in the 8A8 diet group as well. 

[0066] A Morris water maze learning test was conducted around the third month of the experiment (age of old rats: 
21 months, age of young rats: 7 months). 

[0067] As a result of conducting a probe test, the times spent swimming around the location where the escape 
platform used to be as a result of remembering the location of the escape platform (evaluated as the amount of time 
(seconds) spent in the quadrant (1/4) where the escape platform used to be after dividing the water tank into four 
quadrants) were 28.59±5.44 a , 13.27±7.89 b , 22.02±5.35 c and 27.1 8+5.1 0 ac (values: mean ± standard deviation, a, b 
and c indicate a significant difference between different letters (P<0.05)) for group YC, group OC, group OA and group 
8A8, respectively. Thus, as a result of administering triglyceride having arachidonic acid as a constituent fatty acid, the 
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degree of learning acquisition that was decreased due to aging was significantly improved towards the level of young 
rats. With respect to a comparison between TGA40S and 8A8, 8A8 tended to result in a higher degree of learning 
acquisition. Since the ingested amounts of arachidonic acid by the rats was the same for both group OA and group 
8A8, 8A8 was indicated as being more easily absorbed than TGA40S, and was demonstrated to be effective for pan- 
creatic lipase for which activity has decreased due to aging. 

Example 5 

(Evaluation of Learning Acquisition of Triglyceride Containing at Least 5% 8A8 by a Morris Water Maze Test) 

[0068] For th e test groups of old rats, twenty 1 8-month-old male Fischer rats were divided into three groups consisting 
of a control diet group (6 animals, group OC), a 8A8 diet group (6 animals, group 8A8) and an 8A8-containing oil or 
fat diet group (8 animals, group 8A8 (32 mol%)),and the control diet, 8A8 diet and 8A8-containing oil or fat diet shown 
In Table 4 were given to each group, respectively. The control diet shown in Table 4 was given to eight 4-month-old 
male Fischer rats serving as a control group of young rats (group YC). Furthermore, the oil or fat (triglycerides) con- 
taining 31.6 mol% 8A8 obtained in Example 2 was used for the 8A8~containing oil or fat (triglycerides) used for the 
8A8-containing oil or fat diet 

Table 4 



Test Diets 





Control Diet 

(g) 


8A8 diet 

(g) 


8A8-containing oil or fat 
diet (g) 


Casein 


200 


200 


200 


DL-methionine 


3 


3 


3 


Cornstarch 


150 


150 


150 


Sucrose 


500 


500 


500 


Cellulose powder 


50 


50 


50 


Com oil 


50 


45.8 


45.8 


Mineral AIN-76 


35 


35 


35 


Vitamin AIN-76 


10 


10 


10 


Choline bitartrate 


2 


2 


2 


Vitamin E 


0.05 


0.05 


0.05 


8A8 


0 


4.2 


0 


8A8-containlng oil 


0 


0 j 


4.2 



[0069] The 8A8 diet was the same as that in Example 4, and the daily ingested amount of arachidonic acid per rat 
was 40 g. In the case of the 8A8-containing oil or fat (triglycerides) diet, the daily ingested amount of arachidonic acid 
per rat was 13.2 mg. 

[0070] A Morris water ma2e learning test was conducted around the third month of the experiment (age of old rats: 
21 months, age of young rats: 7 months). 

[0071] As a result of conducting a probe test, the times spent swimming around the location where the escape 
platform used to be as a result of remembering the location of the escape platform (evaluated as the amount of time 
(seconds) spent in the quadrant (1/4) where the escape platform used to be after dividing the water tank into four 
quadrants) were 27.91±5.93 a , 13.75±7.74 b , 27.00+4.65^ and 21.18±4.89 c (values: mean ± standard deviation, a, b 
and c indicate a significant difference between different letters (P<0.05)) for group YC, group OC, group 8A8 and group 
8A8(32 mol%), respectively. Thus, as a result of administering oil or fat (triglycerides) containing at least 5% 8A8, the 
degree of learning acquisition that was decreased due to aging was significantly improved towards the level of young 
rats. However, the degree of acquisition was clearly lower than the 8A8 diet group, demonstrating that the degree of 
learning acquisition is dependent on the concentration of 8A8, and more specifically, on the concentration of arachidonic 
acid. 
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Example 6 

(Preparation of Capsules Containing Oil or Fat (Triglycerides) Containing Arachidonic Acid) 

[0072] 1 00 parts by weight of gelatin and 35 parts by weight of food additive glycerin were dissolved at 50-60°C by 
addition. of water to prepare a gelatin coating having viscosity of 2000 cp. Next, 0.05% by weight of vitamin E oil were 
mixed into the arachidonic acid-containing oil or fat (triglycerides) obtained in Example 1 to prepare Capsule Contents 
1 . 0.05% by weight of vitamin E oil were mixed into the oil or fat (triglycerides) containing 32 mol% of 8A8 obtained in 
Example 2 to prepare Capsule Contents 2. 50% by weight of the arachidonic acid-containing oil or fat (triglycerides) 
obtained in Example 1 and 50% by weight of fish oil (tuna oil in which the proportions of eicosapentaenoic acid and 
docpsahexaenoic acid to the total amount of fatty acids were 5.1 % by weight and 26.5% by weight, respectively) were 
mixed followed by mixing in 0.05% by weight of vitamin E oil to prepare Capsule Contents 3. 80% by weight of the 
arachidonic acid-containing oil or fat (triglycerides) obtained in Example 1 and 20% by weight of fish oil (tuna oil in 
which the proportions of eicosapentaenoic acids and docosahexaenoic acid to the total amount of fatty acid were 5.1% 
by weight and 26.5% by weight, respectively) were mixed followed by mixing in 0.05% by weight of vitamin E oil to 
prepare Capsule Contents 4. Capsules were formed and dried in accordance with ordinary methods using these Cap- 
sule Contents 1 through 4 to produce soft capsules containing 180 mg of contents per capsule. 

Example 7 

(Application to a Fat Infusion Agent) 

[0073] After adding 400 g of the oil or fat (triglycerides) containing 32 mol% 8A8 obtained in Example 2, 48 g of 
purified egg yolk lecithin, 20 g of oleic acid, 1 00 g of glycerin and 40 ml of 0.1 N sodium hydroxide and dispersing with 
a homogenizes distilled water for injection was added to bring to a volume of 4 liters. This was then emulsified with a 
high-pressure spraying emulsif ier to prepare a lipid latex. After adding 200 ml aiiquots of this lipid latex to plastic bags, 
the plastic bags were sterilized by high-pressure steam for 20 minutes at 121°C to obtain fat infusion agents. 

Example 8 

(Application to a Juice) 

[0074] 2 g of p-cyclodextrin were added to 20 ml a 20% aqueous ethanol solution followed by the addition of 100 
mg'of the arachidonic acid-containing triglycerides (containing 0.05% by weight vitamin E) obtained in Example 1 while 
stirring with a stirrer and incubating for 2 hours at 50°C. After being allowed to cool to roorri temperature (about 1 hour), 
the mixture was additionally incubated for 10 hours at 4°C while continuing to stir. After recovering the resulting pre- 
cipitate by centrifugal separation and washing with n-hexane, the product was freeze-dried to obtain 1 .8 g of a cyclo- 
dextrin inclusion compound containing arachidonic acid-containing triglycerides. 1 g of this powder was then uniformly 
mixed with 1 0 L of juice to prepare a juice containing arachidonic acid-containing triglycerides. 



Claims 

1. A composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain 
function comprising arachidonic acid and/or a compound having arachidonic acid as a constituent fatty acid. 

2. A composition according to claim 1 wherein, the compound having arachidonic acid as a constituent fatty acid is 
an alcohol ester of arachidonic acid or a triglyceride, phospholipid or glycolipid in which all or a portion of the 
constituent fatty acids are arachidonic acid. 

3. A composition according to claim 2 wherein, the triglyceride in which all or a portion of the constituent fatty acids 
are arachidonic acid is a triglyceride in which medium-chain fatty acids are bound to 1 ,3-position and arachidonic 
acid is bound to 2-position. 

4. A composition according to claim 3 wherein, the medium-chain fatty acids are selected from fatty acids having 6 
to 1 2 carbon atoms. 

5. A composition according to claim 4 wherein, the medium-chain fatty acids are selected from fatty acids having 8 
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carbon atoms. 

6. A composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain 
function comprising triglycerides containing triglycerides in which all or a portion of the constituent fatty acids are 
arachidonic acid. 

7. A composition according to claim 6 wherein, the proportion of arachidonic acid in the triglycerides containing trig- 
lycerides in which all or a portion of the constituent fatty acids are arachidonic acid is 10% by weight or more 
relative to all of the fatty acids that compose the triglycerides. 

8. A composition according to claim 6 or claim 7 wherein, the triglycerides that contains triglycerides in which all or 
a portion of the constituent fatty acids are arachidonic acid are extracted from a microorganism belonging to the 
genus Mortierella . 

9. A composition according to any of claims 6 through 8 wherein, the triglycerides containing triglycerides in which 
all or a portion of the constituent fatty acids are arachidonic acid are triglycerides that are substantially free of 
eicosapentaenoic acid. 

10. A composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain 
function comprising triglycerides containing 5 mol% or more of triglycerides in which medium-chain fatty acids are 
bound to 1 ,3-position and arachidonic acid is bound to 2-position. 

11. A composition according to claim 1 0 wherein, the medium-chain fatty acids are selected from fatty acids having 6 
to 1 2 carbon atoms. 

12. A composition according to claim 1 1 wherein, the medium-chain fatty acids are selected from fatty acids having 8 
carbon atoms. 

13. A composition according to any of claims 1 through 1 2 wherein, the symptom caused by decreased brain function 
is decreased memory or learning ability. 

14. A composition according to any of claims 1 through 12 wherein, the symptom caused by decreased brain function 
Is decreased cognitive ability. 

15. A composition according to any of claims 1 through 12 wherein, the symptom caused by decreased brain function 
is an emotional disorder or a mental disorder. 

16. A composition according to any of claims 1 through 12 wherein, the disease caused by decreased brain function 
is depression or dementia. 

17. A composition accordingto claim 1 6 wherein, the dementia is Alzheimer's dementia or cerebrovascular dementia. 

18. A composition according to any of claims 1 through 1 7 wherein, the composition is a food composition or a phar- 
maceutical composition. 

1 9. A food composition comprising arachidonic acid and/or a compound having arachidonic acid as a constituent fatty 
acid such that the adult daily ingested amount is 0.001 -20 g as arachidonic acid. 

20. A food composition according to claim 19 wherein, the compound having arachidonic acid as a constituent fatty 
acid is an alcohol ester of arachidonic acid or a triglyceride, phospholipid or glycolipid in which all or a portion of 
the constituent fatty acids are arachidonic acid. 

21 . A food composition according to claim 20 wherein, the triglyceride in which all or a portion of the constituent fatty 
acids are arachidonic acid is a triglyceride in which medium-chain fatty acids are bound to 1 ,3-position and ara- 
chidonic acid is bound to 2-position. 

22. A food composition according to claim 21 wherein, the medium-chain fatty acids are selected from fatty acids 
having 6 to 1 2 carbon atoms. 
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23. A composition according to claim 22 wherein, the medium-chain fatty acids are selected from fatty acids having 8 
carbon atoms. 

24. A food composition wherein the composition contains 0.001 % by weight of triglyceride in which medium-chain fatty 
acids are bound to 1 ,3-position and arachidonic acid is bound to 2-position. 

25. A food composition according to claim 24 wherein, the medium-chain fatty acids are selected from fatty acids 
having 6 to 1 2 carbon atoms. 

26. A food composition according to claim 25 wherein, the medium-chain fatty acids are selected from fatty acids 
having 8 carbon atoms. 

27. A composition according to any of claims 18 through 26 wherein, the food composition is a functional food, nutri- 
tional supplement food, food for specified health uses or geriatric food. 

28. A composition according to any of claims 1 through 27 that additionally comprises docosahexaenoic acid and/or 
a compound having docosahexaenoic acid as a constituent fatty acid. 

29. A composition according to claim 28 wherein, the compound having docosahexaenoic acid as a constituent fatty 
acid is an alcohol ester of docosahexaenoic acid or a triglyceride, phospholipid or gtycolipid in which ail or a portion 
of the constituent fatty acids are docosahexaenoic acid. 

30. A composition according to claim 28 or claim 29 wherein, the ratio (weight) of arachidonic acid to docosahexaenoic 
acid in the combination of arachidonic acid and docosahexaenoic acid is within the range of 0.1 to 15. 

31. A composition according to any of claims 1 through 30 wherein, the amount of eicosapentaenoic acid does not 
. exceed one-fifth of the amount of arachidonic acid in the composition. 

32. A production method of a food composition having preventive or ameliorative action on symptoms or diseases 
caused by decreased brain function comprising: blending a food or beverage raw material with arachidonic acid 
and/or a compound having arachidonic acid as a constituent fatty acid alone, or with a food or beverage raw 

^material that is substantially free of arachidonic acid or only contains a slight amount of arachidonic acid. 

33. A marketing method of a food composition having preventive or ameliorative action on symptoms or diseases 
.caused by decreased brain function that contains arachidonic acid and/or compound having arachidonic acid as 
a constituent fatty acid, comprising: using a packaging container and/or sales promotional tool which indicates that 
said food composition and/or ingredient of said food composition has preventive or ameliorative action on symp- 
toms or diseases caused by decreased brain function. 

34. A food composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain 
function that contains arachidonic acid and/or compound having arachidonic acid as a constituent fatty acid, and 
is marketed using a packaging container and/or sales promotional tool which indicates that said food composition 
and/or ingredient of said food composition has preventive or ameliorative action on symptoms or diseases caused 
by decreased brain function. 
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Fig.4 
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Fig.6 
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